Objective: It has been suggested that people who develop Parkinson disease (PD) may have a characteristic premorbid personality. We tested this hypothesis using a large historical cohort study with long follow-up.
For nearly a century, there has been scientific debate about a distinctive premorbid personality in Parkinson disease (PD) characterized by decreased novelty seeking and increased moral rigidity, introversion, punctuality, cautiousness, and conventionality. [1] [2] [3] [4] [5] [6] These personality traits have been linked to the dopaminergic system by some authors 7 and to the opioid and GABAergic systems by others. 8, 9 Because the hypothesis of a personality at risk for PD remains controversial, [9] [10] [11] [12] we tested the hypothesis using a large historical cohort study with long-term follow-up. [13] [14] [15] METHODS Study sample. The Mayo Clinic Cohort Study of Personality and Aging is a geographically defined subset of a previously established Minnesota Multiphasic Personality Inventory (MMPI) cohort, as described extensively elsewhere. 13, 16 In brief, approximately 50,000 Mayo Clinic outpatients completed the MMPI for research purposes (not because of clinical indication) from 1962 through 1965. The study included ambulatory patients who came to the Mayo Clinic from anywhere in the United States for medical reasons other than an acute illness, a psychiatric disorder, a surgical procedure, or hospitalization. At that time, an effort was made to recruit all eligible patients in a consecutive manner, and the participation rate was 95%. 16 We restricted the established cohort to 7,216 subjects who resided at the time of MMPI completion in 1 of 72 counties located approximately within a 120-mile radius centered in Rochester, MN, as described elsewhere. 13 This geographic restriction increased the likelihood that cohort members had used the Mayo Clinic as a primary source of medical care following completion of the baseline MMPI (contributing to passive follow-up). The geographic restrictions also increased the feasibility of the study by reducing the cost and travel time for the in-person examinations. 13, 14 Personality measures. The MMPI includes 550 different statements concerning thoughts, feelings, attitudes, physical and emotional symptoms, and life experiences. The instrument is self-administered and the subject is asked to respond "true" or "false" to each statement. 17 The MMPI was originally intended to be used by physicians (primarily internists) to detect psychological symptoms in their medical practice. 18 However, MMPI data also provide a standardized and quantitative measure of personality functioning. 17 We selected 5 MMPI scales measuring sensation seeking, hypomania, positive emotionality, social introversion, and constraint. [19] [20] [21] [22] The 3 scales of sensation seeking, hypomania, and positive emotionality were selected to measure the construct of extroverted personality. By contrast, the 2 scales of social introversion and constraint were selected to measure the construct of introverted personality (figure e-1 on the Neurology ® Web site at www.neurology.org).
As a measure of novelty seeking personality, we used the MMPI Sensation Seeking Scale (MSS) described by Viken and colleagues 22 (18 items with equal weight). Subjects with high scores are described as seeking varied, novel, complex, and intense sensations and experiences, and willing to take physical, social, and financial risks for the sake of such experience. This definition followed the theoretical concept of sensation seeking developed by Zuckerman. 23 Subjects with high scores on the hypomania scale (MMPI Scale 9 [Ma, Hypomania]; 46 items with equal weight) are described as sociable, talkative, individualistic, impulsive, enthusiastic, curious, adventurous, and prone to alcohol consumption. 19 As a measure of impulsivity, we used the Positive Emotionality/ Extroversion Scale from the original version of the Personality Psychopathology Five Scales (PSY-5; 34 items with equal weight). 20, 21 Subjects with high scores on this scale are described as disposed to experience positive affects, to seek and enjoy social experiences, and to have the energy to pursue goals and engage in life's tasks.
Subjects with high scores on the social introversion scale (MMPI Scale 0 [Si, Social Introversion-Extroversion]; 70 items with equal weight) are described as having manifest social introversion and a lack of desire to be with others, whereas subjects with low scores are described as having a tendency to be extroverted, to enjoy social interactions, and to actively seek such contacts. 19 Finally, we used the Constraint Scale from the original version of the PSY-5 scales that combines features of control vs impulsiveness, harm avoidance, and traditionalism (29 items with equal weight). 20, 21 High scores reflect a perfectionist approach to problem-solving, a conventional, conforming, and controlled demeanor, with personal relationships characterized by social distance and formality, and relatively rigid ties to traditional standards. 24 Follow-up procedures. All subjects were assessed by research team members who were kept uninformed of the results of the baseline MMPI using 1 active and 2 passive surveillance meth-ods. The active method was a 2-phase survey including individual screening of the subjects for parkinsonism via telephone and subsequent examination of those who screened positive (1 screening contact for each subject staggered over [2001] [2002] [2003] [2004] [2005] [2006] . 25, 26 To find the address of persons who moved since their last contact with the medical records-linkage system or with the Mayo Clinic, we used a combination of Web-based tracking tools and obituaries published in local newspapers and archived at state historical societies. 15 The telephone interview was done by 1 of 6 trained research assistants and was completed directly with the subject whenever possible; for deceased or otherwise incapacitated subjects (e.g., deaf, cognitively impaired, or terminally ill), we contacted a proxy informant. We initially identified contact persons from medical records or from other sources and asked them to judge who would be the most knowledgeable proxy. The best proxy was then invited to serve as the informant.
The verbatim text of the instruments used for direct or proxy screening has been reported elsewhere. 25 Subjects screened positive if they had a previous diagnosis of PD or parkinsonism, previous treatment with levodopa, at least 2 of 9 symptoms of parkinsonism, or shaking without other symptoms. 25 We validated the screening instruments in 3 separate samples, and we observed sensitivity values of 97.3%, 88.0%, and 89.1% and specificity values of 43.8%, 63.8%, and 69.5%. 25, 26 Subjects who were alive and screened positive were offered an examination by a movement disorders specialist either at the Mayo Clinic or at their home if they resided within a 5-state region including Minnesota, Iowa, Wisconsin, and North and South Dakota. If they resided outside of the 5-state region, they were examined only if they were willing to travel to the Mayo Clinic (with reimbursement of travel expenses). In addition, we obtained copies of medical records from care providers located anywhere in the United States for subjects who screened positive but could not be examined or were deceased. Independent of the contact described above, subjects who resided in Olmsted County, MN, were also followed passively through review of inpatient and outpatient medical records in the medical records-linkage system of the Rochester Epidemiology Project. 27 Similarly, subjects who resided outside of Olmsted County were followed passively by searching the Mayo Clinic records archive. Both the medical records-linkage system and the Mayo Clinic records archive maintain electronic indices of diagnostic codes (based on the International Classification of Diseases) that were searched for 53 specific codes related to parkinsonism. 28 The medical records of subjects with diagnostic codes of interest were abstracted manually by a specifically trained nurse and were adjudicated by a neurologist (J.H.B.) to confirm the diagnosis of parkinsonism or PD, as described elsewhere. 28 As a second passive surveillance method, we obtained death certificates as described elsewhere. 14 We considered all causes of death to ascertain parkinsonism (underlying, intermediate, immediate, and other significant conditions).
Diagnostic criteria.
For subjects who were examined or had adequate medical record information, we used a set of previously published diagnostic criteria for parkinsonism and PD. 28 Parkinsonism included PD, drug-induced parkinsonism, parkinsonism in dementia, parkinsonism unspecified, and other parkinsonism (including vascular parkinsonism, progressive supranuclear palsy, multiple system atrophy, corticobasal ganglionic degeneration, and other rare disorders). 28 For subjects who could not be examined and had insufficient information in their medical records, parkinsonism or PD were defined as a previous diagno-sis reported by the subject or by the proxy at interview, or listed on the death certificate. However, subjects who screened positive for parkinsonism but did not report a diagnosis of parkinsonism or PD were considered unaffected.
Statistical analysis. For all study subjects, we computed the follow-up time between the date of MMPI completion and one of the following endpoints, whichever came first: onset of parkinsonism (including PD), death, interview for the study, or time of last medical record entry. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox proportional hazards models with age as the time scale to allow for complete age adjustment and including sex (whenever appropriate). The assumption of proportional hazards was assessed by graphical methods and by introducing a time-dependent coefficient in the Cox models.
We partitioned the sample at baseline into quartiles of the distribution of scores for each of the 5 MMPI scales, and used the lower 3 quartiles (quartiles 1 through 3) as reference. The quartiles were defined using sex-specific and age-specific distributions (by decades of age at time of MMPI completion). 13 Analyses were conducted overall, separately for men and women, and for 3 broad strata of age at time of MMPI completion (20 -39, 40 -49, and 50 -69 years).
We also conducted separate analyses adjusted for scores on the MMPI smoking proneness scale (quartile 4 vs quartiles 1 through 3) as a surrogate for smoking (information not available), and analyses adjusted for the smoking proneness scale as well as for alcohol use and self-assessed general health (2 specific MMPI questions). 14, 29 In addition, we conducted a set of secondary analyses adjusted for education as a marker of socioeconomic status (Ͻ9; 9 -12; 13-16; Ͼ16 years of education) and for type of interview (direct vs proxy). These analyses were considered secondary because they were restricted to the 4,261 cohort members who provided education information via interview. Finally, we performed analyses restricting the definition of outcome to subjects with a diagnosis of PD confirmed by in-person examination or by medical record review. All analyses were completed using SAS ® (SAS Institute, Cary, NC), and tests of statistical significance were conducted at the 2-tailed ␣ level of 0.05.
Standard protocol approvals, registrations, and patient consent. All study procedures and ethical aspects were approved by the institutional review boards of the Mayo Clinic and Olmsted Medical Center. In addition, written informed consent was obtained from all subjects who were examined as part of the study.
RESULTS
Study sample. Figure 1 shows a detailed flow chart of the study. Of 7,216 subjects eligible for our study, 394 subjects (5.5%) had no information after the MMPI was completed, refused participation, or had parkinsonism at baseline. The remaining 6,822 subjects (94.5%) were included in our analyses. A total of 5,816 subjects (85.3%) had complete follow-up because they met at least 1 of 3 criteria: 1) reached the outcome of parkinsonism or PD; 2) were interviewed directly or via proxy; or 3) had a medical contact with the medical records-linkage system or with the Mayo Clinic records archive within 3 years preceding death or the time of the study (midpoint, December 31, 2003). The remaining 1,006 subjects (14.7%) were followed for a number of years through the medical records-linkage system or the Mayo Clinic records database and were censored at the time of last contact. The median age at the time of MMPI completion for the overall cohort of 6,822 subjects was 48.3 years (range, 20 -69 years, by design), and the median length of follow-up was 29.2 years (range, Ͻ1-44.8 years). Of the 1,521 subjects who were alive and were screened directly, 508 screened positive for parkinsonism (33.4%), and 330 of them were examined in person (65.0%). Of the 2,894 subjects who were screened via proxy, 1,591 screened positive (55.0%), 102 of them were alive, and 31 of those alive were examined in person (30.4%; alive but incapacitated). Table 1 shows the level of diagnostic certainty for parkinsonism (227 patients) and PD (156 patients). The number of subjects with PD diagnosed via inperson examination or medical record review was similar to the number expected using published ageand sex-specific incidence rates from Olmsted County, MN (standardized incidence ratio 0.94; 95% CI 0.74 -1.18; p ϭ 0.62). 15, 28 Extroversion and risk of PD. Table 2 shows our cohort analyses for the 3 MMPI scales related to extroversion. No significant associations were found for any of the 3 scales for PD alone or for PD combined with other types of parkinsonism. The results were similar for men and women, and across the 3 broad strata by age at time of MMPI completion for the sensation seeking and positive emotionality scales; however, there was an age at time of testing effect for the hypomania scale (figure 2 and table e-1). The results were also similar in secondary analyses adjusted for smoking proneness alone or for smoking proneness, alcohol use, and self-reported general health (table 2, footnotes). The results were similar in analyses adjusted for education and type of interview (data not shown). Finally, the results were similar in sensitivity analyses using a more stringent definition of PD and in analyses for non-PD types of parkinsonism (table 2, footnotes).
Introversion and risk of PD. Table 3 shows our cohort analyses for the 2 MMPI scales related to introversion and constraint. No significant associations were found for PD alone. However, higher scores for constraint were associated with an increased risk of PD combined with other types of parkinsonism (HR 1.39; 95% CI 1.06 -1.84; p ϭ 0.02). The HR was similarly increased for PD; however, it did not reach significance. The findings were similar in men and women and across the 3 broad strata by age at time of MMPI completion ( figure 2 and table e-1) . The results were also similar in secondary analyses adjusted for smoking proneness alone or for smoking proneness, alcohol use, and self-reported general health (table 3, footnotes). The results were similar in analyses adjusted for education and type of interview (data not shown). Finally, the results were similar using a more stringent definition of PD and in analyses for non-PD types of parkinsonism (table 3, footnotes). DISCUSSION Analyses for the 3 MMPI scales that we selected to measure the construct of extroversion (sensation seeking, hypomania, and positive emotionality) did not show the expected pattern of a The numbers reflect a hierarchical classification of levels of diagnostic certainty. For subjects who had 2 or more sources of diagnostic information, only the one considered superior was counted. The hierarchical order was in-person examination, medical record, direct interview, proxy interview, and death certificate information (presented in order from left to right). b Parkinsonism included subjects with Parkinson disease and with all other types of parkinsonism pooled together. There was no significant interaction between the sensation seeking trait and sex ( p ϭ 0.06 for PD). e We performed a sensitivity analysis restricted to the 76 patients with PD who were diagnosed via in-person examination or medical record. The HR for quartile 4 compared with quartiles 1-3 was 1.00 (95% CI 0.59 -1.70; p ϭ 0.99). The 80 cases of PD documented exclusively via direct or proxy interviews or via death certificates were included in analyses but censored as free of the outcome. Analyses including smoking proneness (quartile 4 vs quartiles 1-3) in the model yielded an HR of 1.20 (95% CI 0.83-1.74; p ϭ 0.32); analyses including smoking proneness, alcohol use, and self-assessed general health in the model yielded an HR of 1.20 (95% CI 0.83-1.73; p ϭ 0.34). The HR for non-PD types of parkinsonism was 1.05 (95% CI 0.61-1.81; p ϭ 0.87). f There was no significant interaction between the hypomania trait and sex ( p ϭ 0.25 for PD). g We performed a sensitivity analysis restricted to the 76 patients with PD who were diagnosed via in-person examination or medical record. The HR for quartile 4 compared with quartiles 1-3 was 0.60 (95% CI 0.33-1.09; p ϭ 0.09). The 80 cases of PD documented exclusively via direct or proxy interviews or via death certificates were included in analyses but censored as free of the outcome. Analyses including smoking proneness (quartile 4 vs quartiles 1-3) in the model yielded an HR of 0.97 (95% CI 0.67-1.41; p ϭ 0.87); analyses including smoking proneness, alcohol use, and self-assessed general health in the model yielded an HR of 0.98 (95% CI 0.67-1.43; p ϭ 0.93). The HR for non-PD types of parkinsonism was 0.91 (95% CI 0.53-1.57; p ϭ 0.74). h There was no significant interaction between the positive emotionality trait and sex ( p ϭ 0.69 for PD).
higher scores associated with reduced risk of PD. Similarly, analyses for the 2 MMPI scales that we selected to measure the construct of introversion (social introversion and constraint) did not show the expected pattern of higher scores associated with increased risk of PD. The isolated finding of higher risk of PD combined with other types of parkinsonism in subjects with high scores for constraint remains of uncertain interpretation and may be due to chance (type 1 error). Considering the overall results of the 5 MMPI scales together, we suggest that the extroversion-introversion personality construct as measured by the MMPI is not predictive of the long-term risk of PD. Our findings are consistent with studies that did not show an overall association between PD and personality traits related to introversion and extroversion preceding the onset of motor symptoms. 11, 12 However, our findings are in contrast with some case-control studies that showed an association. 2, 5, 6 These case-control studies may be limited because of a possible cause-effect inversion, whereby the personality traits observed may have been consequences (or early manifestations) of PD rather than risk factors. In addition, these case-control studies may have been affected by recall bias and by the lack of adequate instruments to measure personality traits from early in life.
The lack of overall associations in our study may be due to the heterogeneity of subjects with a given personality trait, to the heterogeneity of subjects with PD, or to a combination of both types of heterogeneity. In addition, it is possible that there is an association between the extroversion-introversion personality construct and PD; however, the association is highly dependent on the age window in which personality is measured. Our study provides only suggestive evidence for this alternative hypothesis (figure 2).
Our study has a number of strengths. First, it is a relatively large, historical cohort study using a welldefined and standard battery of 550 questions measuring personality. This design reduced recall bias and the confounding effect of personality changes that may follow the onset of parkinsonism. Because the MMPI was completed as part of a research project and not because of a medical indication, the confounding effect of preexisting medical conditions was also reduced.
Second, the MMPI is a familiar tool for clinicians and researchers, and the specific scales used in this study have been previously validated. In particular, the MSS has been recently developed and compared with Zuckerman's Sensation Seeking Scale. 22, 30 Third, because we restricted the cohort to subjects living within a 120-mile radius of Rochester, MN, we used the medical records-linkage system of the Rochester Epidemiology Project and the Mayo Clinic records archive to perform a passive follow-up. The use of both passive and active methods to follow our cohort members allowed for a more complete case ascertainment than using either method alone. Thus, our capture rate for incident cases of PD was comparable with published incidence rates using similar methods. 28 Fourth, the long-term follow-up (median, 29.2 years), the large sample size, and the diverse age and sex composition permitted the stratification of our sample into 2 subcohorts of approximately equal size for men and women, and into 3 broad age subcohorts.
Our study also has limitations. First, the sample was not recruited from a well-defined population through randomization. 13 On the other hand, efforts were made to recruit patients sequentially, and the participation rate at baseline was 95%. In addition, the age and sex patterns of scores found in our sample at baseline were similar to those observed in a population-based random sample. 13 Second, the diagnosis of PD was confirmed by in-person examination or by medical record review for only 48.7% of Table 3 Cohort analyses for 2 personality traits related to introversion and constraint Abbreviations: CI ϭ confidence interval; HR ϭ hazard ratio; PD ϭ Parkinson disease. a Parkinsonism included subjects with PD and with all other types of parkinsonism pooled together. b HR adjusted by age (used as the time scale) and sex. c We performed a sensitivity analysis restricted to the 76 patients with PD who were diagnosed via in-person examination or medical record. The HR for quartile 4 compared with quartiles 1-3 was 1.28 (95% CI 0.78 -2.10; p ϭ 0.33). The 80 cases of PD documented exclusively via direct or proxy interviews or via death certificates were included in analyses but censored as free of the outcome. Analyses including smoking proneness (quartile 4 vs quartiles 1-3) in the model yielded an HR of 1.24 (95% CI 0.87-1.76; p ϭ 0.23); analyses including smoking proneness, alcohol use, and self-assessed general health in the model yielded an HR of 1.23 (95% CI 0.86 -1.75; p ϭ 0.26). The HR for non-PD types of parkinsonism was 1.09 (95% CI 0.64 -1.85; p ϭ 0.77). d There was no significant interaction between the social introversion trait and sex ( p ϭ 0.26 for PD). e We performed a sensitivity analysis restricted to the 76 patients with PD who were diagnosed via in-person examination or medical record. The HR for quartile 4 compared with quartiles 1-3 was 1.80 (95% CI 1.14 -2.86; p ϭ 0.01). The 80 cases of PD documented exclusively via direct or proxy interviews or via death certificates were included in analyses but censored as free of the outcome. Analyses including smoking proneness (quartile 4 vs quartiles 1-3) in the model yielded an HR of 1.40 (95% CI 0.98 -2.00; p ϭ 0.06); analyses including smoking proneness, alcohol use, and self-assessed general health in the model yielded an HR of 1.40 (95% CI 0.98 -2.00; p ϭ 0.06). The HR for non-PD types of parkinsonism was 1.46 (95% CI 0.89 -2.38; p ϭ 0.13). f There was no significant interaction between the constraint trait and sex ( p ϭ 0.77 for PD).
the patients. However, sensitivity analyses including only patients with more definite diagnoses of PD yielded similar results. Finally, we cannot exclude that introverted subjects were more reluctant to participate in an in-person examination than extroverted subjects, and were thus less likely to be diagnosed with PD. However, our use of passive follow-up methods should have reduced this possible limitation.
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